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STATIC AND DYNAMIC STABILITY CHARACTERISTICS OF THE

APOLIO ‘LEV CANARD-POST ABORT CONFIGURATION
SUMMARY ‘

A preliminary investigation at Mach numbers from 0,5 to 7.3 has
been conducted in the Ames Unitary wind tunnels and the Jet Propulsion
Isboratory 20-inch and 2l-inch tunnels on the Apollo LEV Canard-Post
Abort configuration to determine the static stability characteristics
of the configuration. Also, a dynamic stability investigation at Mach
numbers from 0.16 to 4.5 has been conducted in the Jet Propulsion Iabo-
ratory 20-inch tunnel and the Langley 20-foot free-spinning tumnel,

The pitching-moment data indicate that for the data reduction cen-
ter of gravity used the canard surfaces eliminate the apex forward trim
point for all Mach numbers up to about 5.2. It should be noted that the
trim point is very dependent on center-of-gravity location. At a Mach
number of 5.2 the configuration has a static trim point at an angle-of-
attack of about 12°. It is believed the presence of this trim point is
due to a severe shock interaction phenomenon acting on the command module

Data from the dynamic stability tests indicates the configuration
to be stable in the heat shield forward position for all the Mach numbers
tested,‘ = v Fre—eonfipumation—adid—hevre—e =cor g S 5+-eR—C SO

aYa

INTRODUCTION

The initial Apollo launch escape vehicle configuration and the
Apollo command module alone configuration have been tested at several
facilities; the Ames Research Center, Arnold Engineering and Development
Center, Jet Propulsion Iaboratory, North American Aviation, and the
Langley Research Center. The purpose of those tests was to determine
the aerodynamic characteristilics of the Apollo configurations for use in
studies of the Apollo missions. The results of these indicate the com-
mand module alone configuration to have a secondary trim point (apex
forward)., This secondary trim point exists throughout the Mach numbers
range tested. Analysis of trajectory studies indicates this secondary
trim point to be a serious problem in the event of an aborted flight.
The major problem in the event of an abort with this secondary trim point
is due to the excess dynamic pressure build-up and the associated high
accelerations encountered on high altitude abort. The apex cover cannot
be jettisoned; for the deployment of the recovery system, due to the
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excessive dynamic pressure. Therefore, the prime contractor was re-
quested to study modifications designed to eliminate this secondary
trim point.

At about this same point in the program, personnel of the Aero-
dynamics Branch, Manned Spacecraft Center, Houston, Texag, proposed a
configuration with deplcyable canard surlaces mounted at/for near the
apex oif the rocket motor nose. These canard surfaces would be un in-
tegral part of the rocket motor nose section and would be deployed only
in the event of an abort. The Manned Spacecraft Center was given the
responsibility of developing the post-abort canard configuration. An
analytical study indicated that canard surfaces of five square feet
(per canard) would be sufficient to fulfill the required mission.

In the event of an abort the launch escape rocket would flre at
time zero and propel the launch escape vehicle away from the boocter,
At t = 8 seconds, the launch escape rocket burns out. At t = 11 sec-
onds, the canard surfaces would be deployed utilizing a pyrotechnic

actuator. A canard deployment time of approximately %-second 15 antic-

ipated. At altitudes below 25,000 feet, the tower-rocket apex cover
combination is jettisoned at t = 14 seconds. The drogue parachite is
deployed for normal recovery using the clustered-parachute systom at

t = 16 seconds, For altitudes above 25,000 feet and below 120,000 feet,
the launch escape system (tower-rocket combination) is rctained until

an altitude of 25,000 feet is reached, at which time the tower-rocket-
apex cover combination is jettisoned and the normal recovery sedqiience
initiated. Above 120,000 feet, the launch escape system (tower -rocket
combination) is manually jettisoned by the pilot at approximately 10 to
15 seconds after abort initiation and the C/M rate damping mode initiated.
The pilot manually orients the vehicle to a heat shield forward position
and the normal entry recovery sequence is then initiated when the space-
craft reaches 25,000 feet.

Static and dynamic force tests have been conducted in the Ames Uni-
tary wind tunnels, the Jet Propulsion Laboratory 20-inch and 2l1-inch
tunnels, and the langley 20-foot free-spinning tumnel through a Mach
number range from about 0.16 to 7.3. The purpose of this paper is to
report the results of these tests.

SYMBOLS

Data are presented using the body system of axes shown in figure 1.
The symbols and coefficients used in this paper are defined as follows.,
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pitching-moment
g SD

pitching-moment coefficient,

normal force
q S

normal-force coefficient,

axial-force coefficient, 255%;§£9£E§
dcC
m

aD
d 5%

dacC
m

&D
d =5

dynamic pressure, lb/sq t

rate of change of angle-of-attack, d/dt
free-stream velocity, ft/sec

reference dimension (command module diameter), ft
free-stream Mach number

reference aresa D2, sq 't

angle-of-attack of model center line, deg

longitudinal location of the center-of-gravity from theoretical
command module apex

vertical location of center-of-gravity relative to center line

MODELS AND TEST FACILITIES

General dimensions of the Apollo Iaunch Escape Vehicle configuration

tested in the different facilities are given in figure 2. The model used
in the Ames unitary tunnels was a 0.105 scale model (16.2 inch diamet:r)
of the Apollo LEV configuration which is made of stainless steel and
aluminum and was modified for the post-abort canard configuration. The
two models used at the Jet Propulsion Laboratory facilities were a

-




0.0195-scale model (3 inch diameter) and a 0.0128-scale (2-inch diameter).
One was made of stainless steel and aluminum and the other model was made
of wood with brass tower and wood rocket motor. The model used in the
Iangley 20-foot free-spinning tunnel was made of fiberglass with brass
tower structure and wood rocket motors and was a 0.0357-scale model

(5.5 inch diameter). Photographs of the configuration tested are pre-
sented in figure 3.

Test conditions for the various models are summarized in table I.
The Reynolds numbers given are based on model maximum diameter,

Static Stability Tests

The static stability tests were conducted in the Ames unitory wind
tunnels at Mach numbers from 0.5 to 3.4 and an ang.e-of-attack range
from -40° to 150° and in the Jet Propulsion Laboratory facilities at Mach
numbers from 2.0 to 7.3 and an angle-of-attack range of about +140°,

Dynamic Stability Tests

The dynamic stability tests were conducted in the JPL 20-iuch tunnel
at Mach numbers from 0.5 to 4.5 and the tests in the spin twinci vere
conducted at a Mach number of about 0.16.

The tests in the JPL 20-inch tunnel were made with the mode | mounted
on a transverse rod which is mounted on a yoke support in the tunnel and
the model is free to tumble. The transverse rod passes through the
center-of-gravity. The model is restrained in the apex forward position
and then released., Analysis of the ensuing motion yields the dynamic
stability parameter.

The model used in the spin tunnel tests was a free flight model with
the weight, moments of inertia, and center-of-gravity location properly
scaled. The model was hand launched into the tunnel and was held in the
tunnel by adjusting the speed of the air flow as the spin tunnel is a
vertical tunnel.

A1l of the dynamic stability data was recorded in movie film.
PRESENTATION OF RESULTS

The basic data for the Apollo Iaunch Escape Vehicle configuration
without the proposed post-abort canard surfaces are presented in figure 4
and the data for the configuration with the post-abort canard surfaces,
are presented in figures 5 and 6.

;W




The static stability data were run at Mach numbers from 0,5 to 7.3,
and the dynamic stability data (fig. 8) were run at Mach numbers from
about 0.16 to k4.5,

DISCUSSION

Static Stability Data

The basic moment data for the Apollo ILEV-canard post-abort configu-
ration were obtained at Mach numbers from 0.5 to 7.3. The angles~-of=
attack investigated were from -150° to 150°,

The data (figs. 5 and 6) show that the configuration eliminates the
apex forward trim point up to about M = 5.2, At Mach number 5.2, the
configuration has a static trimpoint at an angle-of-attack of about 12°,
and at Mach numbers greater than 5.2; the configuration becomes more
stable. It should be noted that the trim Mach number and angle-of-attack
is very dependent on the model center-of-gravity location. The data show
a trend toward an apex forward trim point as early as about Mach 3.0.

The explanation for the presence of the trim point has been determined
from schlieren photographs (fig. 7) to be due to a severe shock inter-
action phenomenon acting on the command module., The trim condition be=-
comes progressively more severe with increasing Mach number due to the
sweep back angle of the rocket nose and canard shocks. When flow passes
through the oblique shock of the rocket and command module section, the
total pressure of the flow behind this shock is not severely dropped,
while the Mach number i1s reduced considerably. When this high total pres-
sure behind the oblique shock is stagnated or near stagnated through a
normal shock exlisting in the command module at angles-of-attack of ‘about
l5°, the total pressure loss through this normal shock is much less due
to the lower Mach number flow. Therefore, the command module will have
pressures which are very large, and pressure coefficients as high as 3.5
exist. These pressure coefficient values are two times as great as would
be expected when flow stagnates through a normal shock of free-stream
condition. All of these loads are applied aft of the center-of-gravity
location and contribute a large restoring moment. Also the pitching-
moment coefficient is increased by a factor of about 1.5 to 2.0 over

the "clean" Apollo Iaunch Escape Vehicle configuration.

Dynamic Stability Data
The Apollo ILEV-canard post-abort configuration was tested in the

langley 20-foot free-spinning tunnel and the JPL 20-~-inch tunnel at a
Mach number range from about 0.16 to 4.5,
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As the only way the dynamic data was recorded in the spin tunnel
was by movie camera and visual observation, the observation is best re-
ported. The model was hand launched into the spin tunnel and was in
free-fall all the time, until the model was let down into the retrieving
net for recovery from the tunnel. The model was launched with the apex
forward into the flow and, as soon as the model was released, it would
twn arownd heat-shield torward, In the heat shield forward position
the model osicllated about the center-of-gravity location and also had
a rotation rate about the axis of symmetry. The angle of oscillation is
estimated to be about +25° to 30° and the rate of rotation 1s about
0.05 revolutions per second (full scale value)., The configuration was
launched without the canard surfaces and it trimmed out at about a = 5°
(apex forward).

The model used in the dynamic stability tests in the JPL facility
was mounted in a transverse rod with ball bearings; (the transverse rod
passes through the center-of-gravity location) and was held in the apex
forward position (epex pointed into the air flow) with a breking system.
The model was free to rotate 360°. The configuration was released from
several different angles-of-attack and the model motions were recorded
by high speed movie cameras.

The movie rilms were then read to obtain position-time histories of
the model motions. Values of Cm + Cm as a function of oscillation
q -
amplitude can be obtained from analysis of the position-time history.

For use in present computer programs, the damping derivatives must
be expressed as a function of angle-of-attack. This is accomplished by
modifying the shape of the Cm + Cm. versus oscillation amplitude

a Q
curve. These values are then put into a single degree of freedom com~
puter program where a derived motion is obtained for comparison with the
measured position time histories.

The dynamic tests indicated the configuration to be stable in the
heat-shield forward position throughout the Mach number range tested.

/ At Mach numbers of 0.30, 0.50, and 0.70 the configuration indicated a

limit cycle of about +20°.
CONCLUSIONS

The results of stability tests of the Apollo-LEV post-abort configu-
ration indicated the following conclusions,

.N
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1. TFor the data reduction center of gravity used, the post-abort
canard surfaces eliminated the apex forward trim point at all Mach num-
bers up to 5.2. At M = 5.2 and for all Mach numbers tested above M = 5.2,
the configuration has a static trim point at an angle of attack of about

12°.
2. The presence of this apex forward trim point is believed to be
due to a severe shock interaction phencmenon.

3, The configuration is dynamically stable in the heat shield for=-

ward position for all Mach numbers tested' hewever;—eéréhe—eaheeﬁte—ﬁaeh
mumbers—the—eonfiguration—a did—heve—a—timitoscttatiorof—=about ;C\J .
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system used.

Figure 1.- Sketch showing body axis
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(a) Pitching-moment coefficient.

Figure k4, - Aerodynamic characteristics of the Apollo Iaunch Escape
Vehicle without the proposed post-abort canard surfaces at
Mach number 0.50 to 1,30,
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